We tried more precise mapping of vegetation using UAV (unmanned aerial vehicle), as a new method of creating vegetation maps, and we objected to be clearly the efficient mapping of vegetation using the UAV method by comparing vegetation maps created by analysing aerial photographs taken by a UAV and an aircraft (manned flight). The aerial photography using UAV was conducted in the Niida River estuary (the secondary river flowing into Minamisoma City in Fukushima Prefecture, Japan). The photography period was in August 2013. We analysed the aerial photographs using ArcGis 9 (Esri Japan Corporation, Tokyo, Japan). The aerial photographs of the main plant communities (Phragmites australis, Typha domingensis, and Miscanthus sacchariflorus) taken by the UAV could clearly discriminate each plant community at the 1/50 scale. Moreover, it could clearly discriminate the shape of a plant at the 1/10 scale. We compared the vegetation maps by analysing the aerial photos taken by a UAV (2013 shooting) and an aircraft (2011 shooting). As a result, the vegetation map created by the UAV method could clearly discriminate community distributions. We conclude that vegetation surveys using UAV are possible and are capable of a highly precise community division in places where field reconnaissance is difficult. The UAV method is effective and will contribute to the improvement of research methods in the future; this method may reduce research costs associated with a reduction in field survey days and manpower.
Introduction
A vegetation map illustrates the geographical spread of a plant community, which is a vegetation unit. Vegetation maps provide extremely important basic information for environmental planning [1] [2] . In the past, vegetation maps have been created by skilled engineers with knowledge of vegetation. Improvements in efficiency and precision have enabled vegetation to be mapped using aerial photographs and satellite data. Mapping vegetation using satellite images may be more effective than mapping based on aerial photographs [3] . At present, the development of effective mapping and improvements in precision for creating vegetation maps are important technical issues. UAV (unmanned aerial vehicle) methods can be used in various fields and have increased the efficiency of information gathering during disasters, for remote sensing in the forest and agricultural sectors, in the management and monitoring of rivers and embankments, and in the measurement and surveying of structures and topography [4] - [7] . Moreover, UAV system was effective in identifying the present vegetation [8] - [10] [12] , and is possible to generate detailed map of vegetation assemblages at the species level [11] . Experiment obtains the distribution of different vegetation species and detects invasive weeds over two cattle farms of Queensland, Australia. [13] reported that a resolution of less than 1 cm is required for the precise interpretation of herbaceous plants. This resolution is the limiting factor in the remote sensing capabilities of satellites and aircraft; however, with high-resolution remote sensing using UAV methods, it is possible to discriminate herbaceous species at an individual plant level. No detailed study has yet examined the discrimination of individual plant species and plant communities by UAV.
In this report, we examined the efficient mapping of vegetation using the UAV method by comparing vegetation maps created by analysing aerial photographs taken by a UAV and an aircraft (manned flight).
Study Site and Methods

Study Site
The study site was in the estuarine tidal flats of the Niida River, which is a second-class river located in Minamisoma City, Fukushima Prefecture, Japan (Figure 1 ).
UAV Aerial Photography Methods
The research was conducted the aerial photography using a UAV and created a vegetation map from the aerial photographs taken by the UAV.
The UAV used a radio-controlled helicopter (MK EASY Quad XL2 1.5 CFK: Edition of HiSystems GmbH Company: Germany, Flachsmeerstr., 2, 26,802, Moormerland). The UAV was equipped with a compact digital camera (Richo GX200) mounted to a small stabilizer (Figure 2 and Figure 3 ). The schematic diagram of the general process of mapping using the UAV method is shown in Figure 4 .
The aerial photography using an aircraft was the altitude of about 2400 m, resolution about 24 cm/pixel, scale 1/20,000 (Photographic camera: DMC ), on the other hand, the aerial photography using UAV was the altitude of about 10 m, resolution about 3 mm/pixel, scale 1/546.4 (Photographic camera: Richo NewGR). From above, the scale and resolution ratios of the aerial photograph using UAV were 36.6 and 80.0 times respectively, compared with those of aerial photography using an aircraft.
The aerial photography using UAV was conducted over a 1.5 km section upstream from the Niida River estuary (the secondary river flowing into Minamisoma City in Fukushima Prefecture). The photography period was in August 2013, when the vegetation is fully developed. Fixed photography points were set up in a line from the right bank to the left bank at approximately 20 m intervals; using the UAV, we took aerial photographs at 5 m above the ground surface. There were 13 line numbers in the investigated section from upstream to downstream. Each line included 8 fixed photography points, for a total of 104 points ( Figure 5 ). Positioning of the captured image used GPS for navigation of the equipped UAV. GPS receiver used u-blox, Inc (LEA-6S). Positioning was conducted at 2 Hz (0.5 section intervals), and we were conducted the positioning of the image by matching shooting time (in seconds) that is stored in the log data (latitude, longitude and aircraft direction (camera Richo New GR) and the captured image.
Vegetation Mapping Methods
The vegetation map was geometrically constructed from aerial photographs, and we analysed the aerial photo- graphs using ArcGis 9 (Esri Japan Corporation, Tokyo, Japan).
Results
In the aerial photographs of the main plant communities (Phragmites australis, Typha domingensis, and Miscanthus sacchariflorus) taken by the UAV, a clear discrimination of each plant community was possible at a scale of 1/50. At a scale of 1/10, it was possible to clearly confirm the shape of an individual plant (Figure 6) . The borders among the plant communities and mixes of different plant species in the vicinity of the community borders could also be discriminated at this scale. An example of this resolution is the discrimination between the Phragmites australis/Scirpus yagara community and the Phragmites australis/Typha domingensis community (Figure 7) .
We compared the vegetation maps that were created using aerial photos taken by the UAV (2013 shooting) and an aircraft (2011 shooting). Although plant communities in these two vegetation maps were slightly different because the shooting period and investigation year were different (Figure 8) , a detailed community division was confirmed on the vegetation map created using the UAV method, and the difference in precision was remarkable. The vegetation map created using the UAV method could clearly discriminate community divisions and distributions (Figure 9 ).
Considerations Future Developments and Advantages of UAV Methods
UAV provide low operational complexity and costs, compared with the classical manned aerial photogrammetry [6] [14]- [17] , and remote sensing sensors placed on UAV is capacity to combine high spatial resolution and quick turnaround times providing low-cost approaches to meet the critical requirement of spatial, spectral, and temporal resolution [15] . [18] reported that, as a result of the development of a compact, lightweight, and high-resolution remote sensing system using a radio-controlled helicopter, it was possible to obtain an image with high spatial resolution (1 pixel per 1 cm).
In our survey, plant communities of Phragmites australis and Miscanthus sacchariflorus were clearly discriminated (Figure 7) . From the aerial photograph taken by the UAV, the shapes and numbers of plants were confirmed in detail, and highly precise discrimination was possible (Figure 6 ). We could discriminate clearly and precisely the division of many plant communities, resulting in the creation of a highly precise vegetation map (Figure 9) . [13] reported that the high-spatial-resolution remote sensing using the UAV method can also be used for monitoring long-term changes. In addition, this technology can be applied to high moors, where ground-based vegetation surveys by exploration are difficult, and the reproducibility of the shooting location can be maintained. UAV reduce the risk of access in harsh environment, still keeping high accuracy potential [19] . UAV appeared to provide a good complement to the current remote sensing platforms because of their promise of lowcost and high resolution [11] .
Therefore, we conclude that vegetation surveys using UAV are possible and are capable of a highly precise community division in places where field reconnaissance is difficult. The UAV method is effective and will contribute to the improvement of research methods in the future and may reduce research costs by reducing field survey days and manpower. Additionally, we conclude that UAV methods are effective for the quantitative evaluation of vegetation community structure because the canopy height can be accurately measured. Moreover, UAV methods are effective in the discrimination of indicator plant communities.
These methods can also be used for quantitative evaluations of community volume because taxonomists (in insects, amphibians, reptiles, mammals, and birds) can use UAV images to discriminate the morphologies of plants and community habitats.
Conclusions
We objected to be clear about the efficient mapping of vegetation using the UAV method. The aerial photography using UAV was conducted in the Niida River estuary (the secondary river flowing into Minamisoma City in Fukushima Prefecture, Japan). The aerial photographs of the main plant communities (Phragmites australis, Typha domingensis, and Miscanthus sacchariflorus) taken by the UAV could clearly discriminate each plant community at the 1/50 scale. Moreover, it could clearly discriminate the shape of a plant at the 1/10 scale. The vegetation map created by the UAV method could clearly discriminate community distributions.
We conclude that vegetation surveys using UAV are possible and are capable of a highly precise community division in places where field reconnaissance is difficult.
